Inbreeding increases the risk of certain Mendelian disorders in humans but may 29 also reduce fitness through its effects on complex traits and diseases. Such inbreeding 30 depression is thought to occur due to increased homozygosity at causal variants that are 31 recessive with respect to fitness. Until recently it has been difficult to amass large 32 enough sample sizes to investigate the effects of inbreeding depression on complex 33 traits using genome-wide single nucleotide polymorphism (SNP) data in population-34 based samples. Further, it is difficult to infer causation in analyses that relate degree of 35 inbreeding to complex traits because confounding variables (e.g., education) may 36 influence both the likelihood for parents to outbreed and offspring trait values. The
income brackets recoded to be numeric, ranging from 0 -4), years of educational 184 attainment (coded using ISCED classifications as in Okbay et al. (22) ), fluid intelligence 185 (FI), forced expiratory volume in 1 second (FEV1; a measure of lung functioning), FEV1 186 over forced vital capacity (FEV1/FVC), birth weight, neuroticism score, and body fat 187 percentage) and 9 binary traits (ever smoked, ever drank alcohol, whether or not they 188 were breastfed as a baby, whether or not they completed college, whether they specified 189 participation in a religious group as a leisure activity, whether or not they had ever been 190 diagnosed with diabetes, probable bipolar and/or major depression status, and whether 191 or not they live in an urban or rural area). We excluded individuals who weighed less 192 than 36.28 kg (~80 lbs), weighed more than 6.8 kg (~15 lbs) at birth, had systolic BP 193 readings >200 mmHg or diastolic BP readings >120 mmHg, had a pulse <30 beats per 194 minute or >130 beats per minute, were shorter than 120 cm (~3.93 ft), had a hip 195 circumference <50 cm or >175 cm, had a waist circumference <40 cm or >160 cm, had 196 grip strength >70 kg, or reported having had sex before 12 years of age. These 197 exclusion criteria were chosen based on thresholds typically defined as being 198 boundaries of normal physiological, anthropometric, or behavioral ranges and by 199 checking for obvious outliers that may have been incorrect data entries. More SNPs if they a) deviated from Hardy-Weinberg equilibrium at p<1×10 −6 , b) missingness 210 proportion >0.02, or c) had a minor allele frequency (MAF) < 0.05. We also excluded 211 individuals with a missing genotype call rate > 0.02, and we removed the minimum 212 number of individuals so that all remaining subjects were unrelated at pihat > 0.2 (using 213 GCTA's --grm-cutoff option (23)) (n = 31,541 removed in total).
214
After QC, we pruned out SNPs that were in strong linkage disequilibrium with 215 other SNPs by removing those that had a variance inflation factor > 10 (equivalent to an 
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We required ROHs to have a density greater than at least 1 SNP per 200 kb (the 222 average density across the genome in the SNPs used in the analysis was 1 per 10 kb), 223 and split an ROH into two if a gap >500 kb existed between consecutive homozygous 224 SNPs. All analyses used the --homozyg commands in Plink 1.9 (24). After calling ROHs, 225 we summed the total length of all autosomal ROHs for each individual and divided that 226 by the total SNP-mappable distance (2.77x10 9 bases) to calculate F ROH , the proportion of 227 the genome likely to be autozygous. In addition to calling ROHs, we also calculated a 228 measure of SNP-by-SNP homozygosity (F SNP ) for each individual, using the --het flag in described below. The distributions of ROH lengths and F ROH are shown in Figure S1 ( 
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we were also interested in the effect of F SNP on the trait). For binary traits, we ran logistic 250 regression models with the same covariates as in the linear regression models for 251 quantitative traits.
252
We ran a total of three sets of models for each trait. The first set of models was 253 designed to test for a simple relationship between F ROH and the traits listed above. (Table S5 ). Finally, we tested whether the effect of F ROH differed by sex by including 339 sex*F ROH interaction terms in each of the second set of models, but observed no 340 significant sex-by-F ROH interactions for any of the traits.
341
In our final set of models, where excess SNP-by-SNP homozygosity (F SNP ) was 342 included as an additional covariate, AFS and FI remained significantly associated with 343 F ROH after accounting for multiple testing and FEV1 was marginally significant (Table 2) .
344
Waist-to-hip ratio was significantly associated with F SNP but not F ROH , suggesting that 345 higher homozygosity at common but not rare variants is related to increased waist-to-hip 346 ratio. 
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other associations were likely due to social rather than genetic causes; for example, it is 373 much more plausible that non-religious individuals tend to outbreed at higher rates and 374 have less religious offspring than that autozygosity causes individuals to be more 375 religious.
376
Comparison with previous results
377
Our results largely agree with recent reports (7-9) on the relationships between 1, Figure 2 ). Our initial results (Table 1) were consistent with previous 387 findings for an effect of inbreeding depression on grip strength (9), though this 388 association appears to be largely due to homozygosity at common rather than rare 389 variants ( Table 2) .
390
Despite the general consistency across reports on F ROH -complex trait 391 associations, there were two differences between our results and those from earlier 392 studies. First, educational attainment (in years of education) was not significantly 393 associated with F ROH in any of our models, contrary to previous reports (7,9). We found a 394 suggestive (p = 2.18e-4) relationship between F ROH and income (which itself was 395 correlated with years of education at r = 0.37), but we found no evidence for an 
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This second hypothesis, partial dominance, is widely accepted as the more likely 441 mechanism of inbreeding depression (3, 30 
456
The positive relationship we observed between AFS and F ROH is a novel finding,
457
to the best of our knowledge. The F ROH -AFS association remained statistically significant 458 after controlling for sociodemographic variables and homozygosity at common variants reproductive traits, like AFS, in non-human populations are under more intense selection 461 pressures than non-fitness traits (5,37)). If autozygosity causally influences AFS (see 
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These imperfect correlations imply that the true mediating influences of the 504 sociodemographic variables on observed F ROH -trait relationships were likely to be 505 underestimated in the present report, and thus causal interpretation of our results may 506 not be warranted.
507
The second limitation to the current study is that we did not have access to all of we cannot eliminate the possibility that the other F ROH -trait associations we report here 527 would not also be attenuated or eliminated in this situation.
528
Nevertheless, our results are consistent with the hypothesis that natural selection 529 has biased the alleles contributing to lower fluid intelligence, later age at first sex, and 530 poorer lung functioning (as measured by FEV1) toward being rare and recessive. These 531 findings generally replicate previous findings in humans (7-9), and are consistent with 532 similar ones from non-human populations (37,44,45). This cumulative evidence may well 533 reflect the detrimental effects of autozygosity on complex traits, revealing ancient 534 selection pressures on these or correlated traits. However, the fact remains that even in 535 very large, well-powered, unascertained samples such as this one, it is exceedingly 536 difficult to make definitive statements about the underlying causal mechanism of 537 observed relationships between F ROH and complex traits.
Supplementary Figures S1-S2. 
